Abstract. Biomphalaria straminea snails from Argentina fail to shed cercariae even if exposed to high doses of Schistosoma mansoni EC miracidia. Alternative explanations for this failure are that miracidia are unable to penetrate the snail's epithelium or that the miracidia are killed by the snail's defense system. To discriminate between these 2 possibilities, B. straminea snails were individually exposed to increasing doses of miracidia. Susceptible B. glabrata were used as controls. Exposed snails were fixed 12 hr after exposure, and histological sections of the whole specimens were examined. Miracidia were seen to penetrate the epithelium of B. straminea and B. glabrata at similar rates (14.7%), independent of the exposure level. Regardless of the miracidial dose, 94% of the penetrating miracidia appeared encapsulated by the B. straminea defense system, whereas in B. glabrata, only 42% of the miracidia underwent encapsulation. These results show that resistance of B. straminea to S. mansoni EC strain is due to an efficient defense system that destroys miracidia once they have penetrated. 
FIGURE 1. Number of penetrating miracidia detected from sections of the whole snails at 12 hr after exposure as a function of miracidial dose. Points represent counts from individual snails. Differences between the regressions of B. glabrata and B. straminea were not significant.
The intermediate hosts of Schistosoma mansoni in America are, in order of increasing susceptibility, Biomphalaria straminea, Biomphalaria tenagophila, and Biomphalaria glabrata. 1 Differences in susceptibility of these snail species are strongly related to the capacity of their defense system to encapsulate and destroy the parasites. [2] [3] [4] [5] Even though B. straminea and B. tenagophila are present in Argentina, there are no reports on the presence of S. mansoni in this country so far. 6 In our laboratory, we maintain a colony of B. straminea from the locality of San Miguel, Corrientes province, Argentina. Previous attempts to infect these snails with various doses of S. mansoni EC strain miracidia have failed. The EC strain was isolated in October 1981 by Lobato Paraense from the feces of a resident of Picos, Piauí state, Brasil, where the vector of S. mansoni is B. straminea. 7 Experimental infections of B. straminea collected in this locality yielded between 10 and 15% susceptibility for S. mansoni EC strain (Paraense L, unpublished data). The purpose of the present work is to find out whether miracidia of the EC strain are unable to penetrate the epithelium of B. straminea from San Miguel or if they are instead killed by their defense systems. Eggs of S. mansoni EC strain were obtained from the liver of albino mice from the U.S. National Institutes of Health that had been infected 2 to 3 months earlier with 120 cercariae. The livers were homogeneized, washed with 0.8% saline solution, and filtered to separate the eggs from the debris. The eggs were transferred to dechlorinated tap water for miracidial hatching under illumination. Snails 5 mm in diameter were individually exposed to 10, 40, 80, and 160 freshly hatched miracidia in 10-mL vials for 12 hr. Each treatment involved 10 snails, 5 of which were fixed just after the exposure period; the remaining snails were fixed 30 days after exposure. For fixation, the specimens were immersed in Bouin solution for 6 hr, then washed and maintained in 70% ethanol until their inclusion in paraffin. Before the snails were fixed, they were anesthetized in water overlaid with menthol crystals, and their shells were gently crushed and removed. The complete snails were serially sectioned at 6 m and stained with hematoxylin and eosin.
The serial sections of each snail were examined under a microscope to count the miracidia and to detect any defense response against the parasites (12-hr group), or to observe sporocysts or cercarial development (30-day group). Miracidia were distinguished from the surrounding tissues by their germinal cells and neural mass. To avoid counting each miracidia more than once, a schematic drawing of each serial section was made. Control groups of 10 susceptible B. glabrata from Touros, Brasil, were subjected to the same experiment, except for the exposure dose of 80 miracidia per snail, which was omitted. Room temperature was 26 Ϯ 1ЊC during all the experiments. The maintenance and care of experimental animals complied with Argentina's current legislation for the use of laboratory animals.
The percentage of miracidia identified in sections from the whole snails at 12 hr after exposure was similar for both snail species (on average, 14.7%; Table 1 ) and was independent of miracidial dose ( Figure 1 and Table 2 ). The ratio (R) between the variance of the number of penetrating miracidia and the one expected from the binomial distribution was larger than unity and increased with the miracidial dose (Table 2). 8 Regardless of the miracidial dose, 93.8% of the miracidia were encapsulated by the B. straminea defense system, whereas in B. glabrata, only 42.3% of the miracidia were encapsulated ( 2 1 ϭ 19.83; P Ͻ 0.001). Encapsulated miracidia were surrounded by a layer of hemocytes and had similar appearance for both snail species, at least via microscopic examination. Location of miracidia differed significantly between the snail species: in B. straminea, the miracidia were more frequently located in the foot ( fense system that stops any progress of miracidia once they have penetrated. The independence of the penetration rate and the miracidial dose indicates that the barrier effect of the snail epithelium was not affected by the rate of miracidial penetration.
Penetrating miracidia were overdispersed among snails of both species (R Ͼ 1), providing indirect evidence that snails were heterogeneous with respect to the probability of miracidial penetration. This heterogeneity may be associated with either the activity of different snails during exposure to infections or with individual variability in the barrier effect of the epithellium. 12 Miracidia of S. mansoni attained deeper locations in the organs of B. glabrata than in those of B. straminea. It is apparent that in B. straminea encapsulation of miracidia soon after penetration prevents them from moving further into the snail's organs.
